determined whether the disruption of the galectin-3 gene, shown to attenuate hepatic and renal fibrosis in galectin-3 knock-out (Gal3-KO) mice, 2, 8 would prevent the development of HF in animals with active cardiac remodeling. Furthermore, because the beneficial effects of targeted CRD inhibition of galectin-3 have been demonstrated in a model of kidney injury, 3 we also determined the effects of a galectin-3 inhibitor (Gal3i), N-acetyllactosamine (N-Lac), which has a high affinity for galectin-3 CRD, in TGR(mREN2)27 (REN2) rats with HF and in mice subjected to transverse aortic constriction (TAC).
Methods
For detailed description of the methods, please refer to the onlineonly Data Supplement.
Animals
Male Gal3-KO mice were generated and bred at the Jackson Laboratory (Bar Harbor, ME) as described previously. 2, 8, 9 Age-matched male transgene-negative wild-type (WT) littermates were used as controls. Figure IA in the online-only Data Supplement depicts the generation of Gal3-KO mice. Male homozygous REN2 (Max Delbrück Center for Molecular Medicine, Berlin Buch, Germany) and age-matched male SD rats (controls) were used as described previously. [10] [11] [12] All experiments were approved by the Animal Ethical Committee of the University of Groningen (the Netherlands) and conducted in accordance with existing guidelines on the care and use of laboratory animals.
Mouse Experiments
Six-to 10-week-old Gal3-KO and WT mice were subjected to an infusion of angiotensin II (AngII) (2.5 µg/kg per day) for 14 days or LV pressure overload by TAC for 28 days (prevention experiment). 13 In another series of experiments (reversal experiment), 6-to 8-week old male C56Bl6/J mice (Harlan, the Netherlands) underwent TAC for 28 days and were then treated with N-Lac (5 mg/kg per day, IP injections) 3× a week for 28 days (starting day 28 until day 56). 14 
Rat Experiments
SD and REN2 rats were treated with N-Lac (5 mg/kg per day, IP) 3× a week for 6 weeks.
Other Experiments
Cardiac function was studied with echocardiography and hemodynamic measurement as described previously. 15, 16 Immunohistochemical analyses were performed, and collagen digestibility was determined. 17 Cell cultures of human adult dermal fibroblasts were used to study galectin-3-mediated fibrogenesis and the effects of N-Lac. Cardiac and fibroblast gene expression was measured using reverse transcription-quantitative polymerase chain reaction as described previously. 18 The lists of primers are presented in Tables I, II and III in the online-only Data Supplement.
Statistical Analyses
Results are reported as mean±SEM. Mice were analyzed in 2 separate subgroups comparing genotype differences (WT versus KO) and model differences (control versus AngII or sham versus TAC). Subgroup A consisted of WT-control, Gal3-KO-control, WT-AngII, Gal3-KO-AngII, and subgroup B consisted of WT-sham, Gal3-KOsham, WT-TAC, and Gal3-KO-TAC.
Levene test was used to test homogeneity of variances within parameters. If there was equality of variances, statistical analyses were performed by 1-way ANOVA with Bonferroni post hoc tests (mice group A, M=6 tests; mice group B, M=6 tests; rats M=3 tests). If there was unequality of variances, statistical analyses were performed by Welch ANOVA with Games-Howell post hoc test. Cell experiments were analyzed with Kruskall-Wallis test (N=3 per group). For the TAC reversal experiment, differences between saline-treated mice and N-Lac treated mice were analyzed at the 8-week time point using an unpaired t test (N=7-9). Baseline TAC reversal is depicted as a dotted line. In all figures, only relevant comparisons are shown by the symbols for reasons of clarity. All P values are 2-tailed, and a value <0.05 was considered significant. All analyses were performed using SPSS version 20.0 software (SPSS, Chicago, IL).
Results

Galectin-3 Knock-Out Mice Are Protected Against LV Dysfunction
The intervention and treatment schemes of the WT and Gal3-KO mice are presented in Figure 1A , and the baseline characteristics and hemodynamic data at euthanasia are presented in Table 1 . When compared with control or sham, LV galectin-3 expression was increased almost 2-fold in WT mice treated with AngII or TAC, whereas galectin-3 expression was absent in Gal3-KO mice (mRNA and protein, Figure IB -ID in the online-only Data Supplement). In the WT mice, both interventions caused LV hypertrophy as evidenced by the increases in LV weight (normalized to tibia length, Table 1 ), wall thicknesses (Table 1) , and LV atrial natriuretic peptide expression ( Figure 1B ) along with a decrease in contractile function (fractional shortening, Figure 1C ). Hemodynamic measurements revealed LV relaxation impairment in the WT groups ( Figure 1D -1F) with increases in LV end-diastolic pressure (LVEDP) and Tau (an isovolumetric relaxation constant measured according to the Glantz method) along with decreases in dPdtmin (corrected for peak systolic pressure).
As shown in Table 1 , both Gal3-KO and WT mice subjected to AngII infusion or TAC had a similar degree of LV hypertrophy. However, and irrespective of the perturbation, Gal3-KO mice had preserved fractional shortening ( Figure  1C ). Hemodynamic measurements revealed that Gal3-KO mice were protected against LV relaxation impairment after AngII infusion or TAC ( Figure 1D-1F ), which did not result in changes in LVEDP and Tau (P=NS versus respective controls). The only exception was the corrected dPdtmin, which was significantly decreased in the Gal3-KO-AngII group.
Inhibition of Galectin-3 With N-Lac Prevents LV Dysfunction in Failure-Prone REN2 Rats
The intervention and treatment schemes of the SD and REN2 rats are presented in Figure 1A . Table 2 shows the baseline characteristics and hemodynamic data at euthanasia. As expected, LV weight (adjusted for tibia length) was significantly increased in the untreated REN2 rats. Treatment with N-Lac did not prevent the development of LV hypertrophy or decrease LV atrial natriuretic peptide levels (Table 2, Figure 1G ). Fractional shortening progressively declined in the untreated REN2 rats ( Figure 1I ), but was preserved in the Gal3i-treated rats ( Figure 1H ). Hemodynamic measurements revealed an increased LVEDP in the untreated REN2 rats as compared with the SD rats ( Figure 1J ) as well as Tau ( Figure  1K ), associated with increased lung weights ( Table 2) , all suggestive of developing HF. Treatment with Gal3i reduced LVEDP in REN2, and lung weight, but not Tau. Finally, accelerated cardiac remodeling in untreated REN2 rats was associated with poorer survival than Gal3i-treated REN2 rats ( Figure II in the online-only Data Supplement).
Galectin-3 Disruption or Inhibition Attenuates the Formation of Fibrosis in the Heart
To determine whether galectin-3 is actively involved in the formation of fibrosis, we analyzed the presence of myocardial fibrosis. Figure 2A and 2B show representative pictures of fibrotic tissue and the fibrosis score in mouse hearts. The hearts of control and sham-operated WT mice had very little fibrosis (≈2%). A significantly higher percentage of fibrosis was evident in the WT-AngII and WT-TAC mice ( Figure 2B ). However, neither AngII infusion nor TAC resulted in increased fibrosis in Gal3-KO animals. Similar results were also observed in rat hearts. Compared with SD rats, REN2 rats exhibited a high percentage of fibrotic tissue, and treatment with Gal3i significantly reduced the percentage of fibrosis in the REN2 rats ( Figure 2C and 2D). Hemodynamic data in mice and rats at euthanasia. A, Outline of the experimental protocol of the prevention studies in mice and rats. B, Expression of atrial natriuretic peptide (ANP) mRNA in mouse hearts. C, Fractional shortening in mouse hearts assessed with echocardiography. D, Left-ventricular end-diastolic pressure (LVEDP) in mouse hearts. E, Isovolumetric relaxation constant Tau in mouse hearts. F, dPdtmin corrected for peak systolic pressure in mouse hearts. G, Expression of ANP mRNA in rat hearts. H, Fractional shortening in rat hearts assessed with echocardiography. I, Change in fractional shortening in rat hearts assessed with echocardiography at baseline and before euthanasia. J, Left-ventricular end-diastolic pressur (LVEDP) in rat hearts. K, Tau in rat hearts. *P<0.05 vs wild type (WT)-con, †P<0.05 vs Gal3-KO-con, ‡P<0.05 vs WT-AngII, §P<0.05 vs WT-sham, #P<0.05 vs Gal3-KO-sham, **P<0.05 vs WT-TAC, † †P<0.05 Sprague-Dawley (SD)-con vs REN2-con, ‡ ‡P<0.05 REN2-con versus REN2-Gal3i, § §P<0.05 SD-con vs REN2-Gal3i, ##P<0.05 vs all other groups at euthanasia. AngII indicates angiotensin II; con, control; Gal3i, galectin-3 inhibitor (N-Lac, N-acetyllactosamine); Gal3-KO, galectin-3 knock-out; TAC, transverse aortic constriction; and Wk, week (N=5-12 per group).
We also evaluated collagen digestibility (percentage of collagen released by proteolytic enzymes) as a measure of the extent of collagen cross-linking. In our assay, the higher the numbers of cross-links, the lower the amount of released collagen. 19, 20 Compared with SD rats, collagen digestibility was significantly reduced in the hearts of REN2 rats ( Figure 2E ). As collagen fibers in fibrotic lesions display a higher level of pyridinoline cross-links, making them more resistant to the enzymatic action of proteinases, 20 our results indicate the presence of more cross-linked collagen in the hearts from untreated REN2 rats ( Figure 2E ). Treatment of REN2 rats with Gal3i resulted in a collagen digestibility similar to that of SD rats ( Figure 2E ). We also measured the plasma levels of procollagen type I N-terminal propeptide (PINP), a marker of collagen cleavage, with an ELISA assay. In REN2 rats, PINP was significantly increased compared with SD rats, and inhibition of galectin-3 resulted in a significant reduction of PINP concentration ( Figure 2F ). Collectively, these results suggest that Gal3i can reduce pathological fibrosis through a reduction of collagen deposition and synthesis along with increased collagen digestibility. Figure 3 shows typical examples of Gomori, α-smooth muscle actin (α-SMA), CD68 (a macrophage marker), and proliferating cell nuclear antigen (PCNA) staining in rat hearts with their respective quantification. Cardiomyocyte size and α-SMA expression were significantly increased in REN2 rats. Treatment with Gal3i did not decrease cardiomyocyte size ( Figure 3A and 3B) but it normalized α-SMA expression, indicating a lower number of myofibroblasts in these groups ( Figure 3A and 3C). The number of macrophages was also increased in both REN2 groups ( Figure 3A and 3D), as was the number of proliferating cells, although this was only significant in the untreated REN2 group ( Figure 3A and 3E). Immunohistochemical analysis revealed that galectin-3 immunoreactivity was predominantly observed in the interstitial space, but not in cardiomyocytes ( Figure III in the online-only Data Supplement). In an effort to determine the localization of cardiac galectin-3 and its source, we conducted further studies. We observed that galectin-3 colocalized with macrophages ( Figure IVA 
Galectin-3 Inhibition Reduces the Number of α-Smooth Muscle Actin Positive Cells in the Heart
Galectin-3 Inhibition Prevents Galectin-3-Mediated Effects in Human Dermal Fibroblasts
Stimulation of human dermal fibroblasts with recombinant galectin-3, with or without Gal3i, did not lead to visible differences in fibroblast appearance ( Figure 4A ). Fibroblast Table 1 AngII indicates angiotensin II; BW, body weight; dPdtmax, index of maximal contraction of the left ventricle and is corrected for peak systolic pressure; Gal3-KO, galectin-3 knock-out; IVSd, thickness of the interventricular septum in diastole; LV, left ventricular; LVEDD, left-ventricular end-diastolic diameter; LVESD, leftventricular end-systolic diameter; LVPWd, thickness of the left-ventricular posterior wall in diastole; LV weight, corrected for tibia length (mg/mm); MAP, mean arterial pressure; TAC, transverse aortic constriction; and WT, wild type. *P<0.05 vs WT-con, †P<0.05 vs Gal3-KO-con, ‡P<0.05 vs WT-AngII. §P<0.05 vs WT-sham, #P<0.05 vs Gal3-KO-sham, and **P<0.05 vs WT-TAC. BW indicates body weight; dPdtmax and dPdtmin, indices of maximal contraction and relaxation of the left ventricle, they are corrected for peak systolic pressure; Gal3i, galectin-3 inhibitor; IVSd, thickness of the interventricular septum in diastole; LV, left ventricular; LVPWd, thickness of the left-ventricular posterior wall in diastole; LVEDD, left-ventricular end-diastolic diameter; LVESD, left-ventricular end-systolic diameter; LV weight, corrected for tibia length (mg/ mm); lung weight, corrected for BW, mg/g; and MAP, mean arterial pressure. † †P<0.05 SD-con vs REN2-con, ‡ ‡P<0.05 REN2-con vs REN2-Gal3i, and § §P<0.05 SD-con vs REN2-Gal3i. phenotype was confirmed by staining for the mesenchymal marker vimentin ( Figure 4B ). Because our preliminary results demonstrated that the mRNA level of Collagen 1A1 (COL1A1) in the presence of galectin-3 peaked 72 hours poststimulation (data not shown), the expression of various fibrillar collagens and proteins involved in their processing was measured at the 72 hours time point with a low density array (overview in Table IV in the online-only Data Supplement; results are shown in Figure 4 ). The expression of COL1A1, COL1A2, COL3A1, and the collagen-modifying proteins encoded by prolyl-4-hydroxylase, heat shock protein (HSP) 47, procollagen C-endopeptidase enhancer, and lysyl oxidaselike 2 (LOXL2) were all upregulated by galectin-3 ( Figure  4D -4J) and inhibited by Gal3i cotreatment. The modulation of COL3A1 transcript expression by galectin-3 and Gal3i was also reflected in collagen type III levels in the culture medium measured with an ELISA ( Figure 4K ).
. Baseline Characteristics and Hemodynamic Data at Euthanasia of Mice
WT-con (N=10) Gal3-KO-con (N=10) WT-AngII (N=12) Gal3-KO-AngII (N=10) WT-sham (N=7) Gal3-KO-sham (N=11) WT-TAC (N=12)
Genes Involved in Myocardial Fibrogenesis
The expression of the abovementioned collagens and fibrosis-associated proteins was subsequently analyzed in the LV tissue of SD and REN2 rats by using reverse transcriptionquantitative polymerase chain reaction ( Figure 5A-5H ; primers are listed in Table II in the online-only Data Supplement). These results confirm our in vitro observations with human fibroblasts and show that Gal3i reduces the expression of profibrotic genes also in vivo. We also measured the LV protein expression of galectin-3 and Hsp47 in lysates from SD and REN2 rat hearts ( Figure 5I-5K ). Galectin-3 and Hsp47 protein levels were increased in untreated REN2 rats. Treatment with the Gal3i resulted in decreased Hsp47 ( Figure 5K ) but not galectin-3 ( Figure 5J ) protein levels, which reflects the changes in mRNA expression ( Figure 5A and 5B ). Finally, we analyzed the transcript levels of matrix metalloproteinases 2 and 9, and tissue inhibitors of matrix proteases 1 and 2, in LV tissue of SD and REN2 rats. matrix metalloproteinase-9, tissue inhibitors of matrix protease-1, and tissue inhibitors of matrix protease-2 levels were increased in untreated REN2 rats and reduced by treatment with a Gal3i (Figure VI 
Galectin-3 Inhibition Prevents Further Progression of Established LV Remodeling
We provoked LV remodeling with TAC surgery followed by an observational period of 28 days without intervention ( Figure  6A ). We then treated the mice with N-Lac or saline for another 28 days. At the end of the follow-up period, no increase in LV weight ( Figure 6B ) was observed. Treatment with Gal3i for 28 days had no effect on LV weight, compared with the LV weights after the 28-day observational period ( Figure  6B ). However, a gradual progression of LV remodeling was observed in the untreated mice as evidenced by the further decline in fractional shortening ( Figure 6C ) and by an increase in atrial natriuretic peptide levels ( Figure 6E ) and fibrosis ( Figure 6F and 6G ). In the Gal3i-treated mice, LVEDP was lower compared with untreated mice (Figure 6D ).
Discussion
The current study provides several lines of evidence that galectin-3 is an active contributor in the development of cardiac remodeling, myocardial fibrogenesis, and HF. We have demonstrated that inhibition of galectin-3 function by genetic disruption or pharmacological intervention halts the progression of cardiac remodeling, attenuates myocardial fibrogenesis, and preserves LV function. These beneficial effects can be explained, at least in part, by the lower number of 
Disruption of Galectin-3 Attenuates Cardiac Remodeling and Preserves Cardiac Function
To explore the hypothesis that galectin-3-targeted interventions may protect against progressive cardiac remodeling and dysfunction, 2 experimental approaches were used in wellestablished mouse and rat models of cardiac remodeling: (1) complete genetic disruption of galectin-3 and (2) pharmacological inhibition with an agent that specifically binds to the CRD of galectin-3. Both the genetic disruption and pharmacological inhibition of galectin-3 resulted in considerable attenuation of cardiac remodeling and, specifically, to an almost complete inhibition of cardiac fibrosis. Functionally, the inhibition of galectin-3 improved diastolic dysfunction to a large extent (less increase in end-diastolic LV pressure and improved LV relaxation) despite the presence of significant LV hypertrophy. In this respect, it is noteworthy that elevated levels of circulating galectin-3 have been shown to be strong predictors of poor outcome in patients with diastolic HF or HF with preserved LV ejection fraction. 21 Although the animals in our experimental models were mainly characterized by impaired diastolic function, mild (AngII, TAC-prevention) to moderate (REN2, TAC reversal) systolic dysfunction also developed over time. Inhibition of galectin-3 preserved systolic function, a finding that was above all apparent in the reversal experiment where treatment was started after 4 weeks of TAC. In the untreated mice, mild systolic dysfunction was present after 4 weeks ( Figure 6C ) and progressed for another 4 weeks of follow-up to overt systolic dysfunction ( Figure 6C ). However, when mice were treated with the galectin-3 inhibitor, progression of systolic dysfunction was attenuated. These results suggest that galectin-3 inhibition might afford functional protection against developing and progressive cardiac remodeling.
Additional evidence of the important role of galectin-3 in cardiac remodeling was obtained by treating REN2 rats with N-Lac, an established inhibitor that binds to the galectin-3 CRD. 14, 22, 23 The homozygous REN2 rat model is a welldescribed model of rapidly progressive cardiac remodeling driven by renin overexpression with changes typical for HF, such as increased sympathetic tone, LV hypertrophy, myocardial fibrosis, and stress-related pathways. 4, 10, 12 Results of our study show that the typical course of HF development, characterized by impaired LV relaxation and fast progression (within weeks) to overt HF, was attenuated by galectin-3 inhibition. It remains to be determined whether galectin-3 inhibition is equally effective in other multifactorial models of HF, such as the spontaneous hypertensive rat or postmyocardial infarction HF, as a single treatment or in addition to established HF therapy.
Mechanisms Underlying the Cardioprotective Effects of Galectin-3 Inhibition
Fibrosis is accepted as one of the main determinants of cardiac remodeling. Cessation of the fibrotic process is one of the key targets to reverse cardiac remodeling and improve prognosis. Fibroblasts, together with myofibroblasts and macrophages, have been identified as key cells in the fibrotic process. [24] [25] [26] The striking observation that myocardial fibrogenesis was strongly inhibited when galectin-3 was genetically disrupted or pharmacologically inhibited leads us to investigate the effect of galectin-3 on the fibrotic process. First, we showed in REN2 rats that pharmacological inhibition of galectin-3 leads to a lower number of myofibroblasts along with less collagen synthesis (lower PINP plasma levels) and deposition. We substantiated these changes by showing that the stiffness of the fibrotic depositions was also altered. In the collagen digestibility assay, the collagenase digested more collagens in Gal3i-treated REN2 rats (Figure 2E ), indicating less cross-linked fibrotic tissue. Studies on fibrogenesisrelated gene profiles in fibroblasts treated with recombinant galectin-3 revealed changes in several genes relevant to the extracellular matrix processing. In vitro incubation of human dermal fibroblasts with galectin-3 resulted in significant upregulation of genes coding for various fibrillar collagens (COL1A1, COL1A2, and COL3A1) and genes involved in the modification of (pro)collagens, including prolyl-4-hydroxylase, HSP47 (SERPIN peptidase inhibitor 1 [SERPINH1]), the procollagen C-endopeptidase enhancer, and the lysyl oxidases (LOXL2). Inhibition of P4Hs has been shown to inhibit fibrosis and preserve cardiac function in HF. [27] [28] [29] Also, the antisense HSP47 was associated with less myocardial fibrosis protecting hearts from postmyocardial infarction remodeling. 30 Importantly, treatment with N-Lac downregulated the expression of all these genes to baseline levels. These results suggest that galectin-3 may affect several steps involved in fibrogenesis, from enhanced synthesis of procollagen to the regulation of various enzymes involved in the processing of procollagen into mature intracellular and extracellular collagen. The activation of these pathways is attenuated by galectin-3 inhibition (Figure 7) .
As the effect of galectin-3 on fibroblasts provides an explanation as to why in vivo galectin-3 inhibition results in the cessation of the fibrotic process, we validated these findings in REN2 rats. The cardiac expression of Col1a1, Col1a2, Col3a1, P4hb, Hsp47 (Serpinh1), procollagen C-endopeptidase enhancer, and Loxl2 genes was upregulated, and treatment with N-Lac normalized their expression to levels similar to those of control SD rats. These observations were further substantiated by showing, both in vitro and in vivo, decreased collagen levels in culture medium (fibroblasts) and plasma (REN2 rats), increased collagen digestibility ( Figure 2E ), regulation of matrix metalloproteinases and tissue inhibitors of matrix proteases ( Figure VI remodeling, attributable to myocardial fibrogenesis, seemed to be similar between mice and rats. Furthermore, the same fibrogenic effects of galectin-3 (and its inhibition by N-Lac) were observed in primary human fibroblasts and in REN2 rat hearts.
Other Observations
LV weight was increased in Gal3-KO mice and in REN2 rat treated with N-Lac. The mechanism(s) underlying this observation has not been elucidated because we were not able to detect appreciable protein expression of galectin-3 in cardiomyocytes in our preliminary experiments. It has also been reported that galectin-3 is mainly produced by macrophages homing to sites of injury. 4, 8 We confirmed the influx of macrophages and the colocalization of galectin-3 with macrophages in our REN2 models (Figures IV and V in the online-only Data Supplement). However, antigalectin-3 treatment did not reduce the number of macrophages ( Figure 3D ). It has been suggested that the activation of macrophages is more pivotal than the number of macrophages in the development of cardiac remodeling. Usher et al 31 described mice with a deletion of the mineralocorticoid receptor in macrophages and showed they were protected against cardiac remodeling. Our findings do not exclude a role for macrophages in galectin-3-mediated HF but, from the data presented herein, we conclude that Gal3i exerts its effects primarily via binding to the CRD of galectin-3, which prevents a profibrotic effect of activated galectin-3, and not through an increase or decrease in the number of macrophages.
Clinical Perspectives
Clinical proof for a role of galectin-3 in HF comes from several studies reporting the value of galectin-3 as a biomarker in HF. 6, 21, [32] [33] [34] In the general population, it has been recently observed that sustained elevation in galectin-3 levels may contribute to increased cardiovascular risk, allcause mortality (Prevention of REnal and Vascular ENdstage Disease [PREVEND] cohort) 35 and new onset HF. 36 Our data lend further support to the role of galectin-3 in cardiac remodeling as well as its potential role as a target for therapy. Future studies are being designed to establish the role of galectin-3 inhibitory compounds in HF of different pathogenesis or on top of established HF therapy. Because high galectin-3 levels may predispose for the development of HF, therapies targeted against galectin-3 may afford protection. Interestingly, although speculative, high intake of dietary cereals rich in pectins that inhibit galectin-3 has been associated with lower risk for new onset HF. 37
Limitations
We studied only male animals and, given the established differences in cardiac remodeling between sexes, our results cannot be extrapolated to female animals. Furthermore, results on cardiac contractility and relaxation should be interpreted with caution because no load-independent measures of LV function were reported (end-systolic elastance [EES], enddiastolic elastance [EED], and preload recruitable stroke work [PRSW], etc). Because we only tested 1 dose of N-Lac, dosefinding studies are warranted. Finally, not all fibrotic genes responded to the same extent in our different models. This might be attributed to the differences in pathogenesis, model severity, or to differences between mice and rats. Nevertheless, and despite some gene-specific differences, the overall , REN2, and rh-Galectin-3 treatment), (cardiac) fibroblasts differentiate into myofibroblasts and collagen production increases. Intracellularly, procollagen chains are processed by various gene products and then secreted into the interstitium. Here, the procollagens are cleaved to become collagens and further processed resulting in aggregation, maturation, and cross-linking. Finally, the deposited cross-linked collagens in the myocardium add to myocardial fibrosis and dysfunction. Along this process, galectin-3 exerts effects on genes involved in various steps of fibrogenesis and galectin-3 inhibition with N-acetyllactosamine (N-Lac) inhibits these various steps.
response to galectin-3 interference (inhibition and knock-out) was similar.
Conclusions
Genetic disruption of galectin-3 and pharmacological inhibition of galectin-3 attenuated the progression of cardiac remodeling in murine and rat models of HF. Inhibition of galectin-3 largely preserved systolic and diastolic function via the inhibition of myocardial fibrosis and decreased collagen production, processing, and cross-linking. Future, more in-depth, mechanistic studies would be needed to address the precise role of galectin-3 in HF development. At later stages of remodeling, galectin-3 inhibition prevented further HF progression. Taken together, our results strongly suggest a causal role of galectin-3 in the development of cardiac remodeling and HF, and we postulate that galectin-3-targeted therapy may potentially be a useful addendum in the treatment of HF.
